The mean values of shortening force at fracture of egg found out during the five-month observation period ranged between 0.17 and 0.19 mm in 231 hens of seven initial laying lines and strength of eggshell ranged from 29.05 N to 36.46 N. The mean values of shortening force at fracture decreased with age of hens from 0.18 -0.22 mm at 28 wk of age to 0.12 -0.15 mm at 46 wk of age. Similarly, strength of eggshell decreased from 31. 35 -37.68 N to 27.91 -34.50 N in same time period. Index of shape, ratio of eggshell and albumen to total egg weight also decreased with increasing age of hens. The highest ratio of abnormal eggs was found in both Bar Plymouth Rock lines (BPR A and BPR B) -7.5% and 8.3% resp. The lowest ratio was found in lines Rhode Island Red (RIR C) -2.1% and Susex Light (SU) -2.4 %. The ratio of cracked eggs ranged from 0.9 % to 3.9 %, the ratio of double-yolked eggs was 0.5% -3.2% and the ratio of eggs without shell was 0.4 % -1.5 %. The calculated coefficients of correlation between shortening of egg and index of shape were mainly positive with r p = 0.41 (P<0.05) and r p = 0.49 (P<0.01). The correlations between shortening of egg and total number of eggs were mainly negative with r p = -0. 34 (P<0.05) and r p = -0. 46 (P<0.01). Similar correlations existed also between shortening of egg and ratio of cracked eggs, i.e. Introduction Interior egg quality and factors affecting it must be considered from various points of view, with regard to strength and elasticity of eggshell. Incidence of abnormal eggs, for example cracked eggs, may vary in different strains kept in identical production conditions. ABRAHAMSSON and TAUSON (1993) found out a difference in the incidence of cracked eggs between two strains of White Leghorn hens. SCOTT and SILVERSIDES (2000) compared egg quality of ISA -White and ISA -Brown. They observed a higher ratio of egg shell in ISA-Brown hens and they also consider pleiotropic effects of eggshell colour. On the contrary, PATTERSON et al. (2001) found no significant difference between the incidence of cracked eggs in white eggshell hybrids (5.7%) and brown eggshell hybrids (5.4%). BRAH et al. (1992) considered genetic determination of cracked eggs; the calculated coefficients of heritability of cracked eggs incidence in two White Leghorn strains were 0.59 and 0.36. Interior egg quality changes during egg laying period. HARTMANN et al. (2000) found out that the difference between selection lines in ratio of yolk; yolk weight and albumen weight persisted throughout the laying period. They also present estimated heritabilities for yolk ratio, yolk weight, egg weight and albumen weight -h 2 = 0.38, 0.22, 0.34 and 0.41 respectively. GRUNDER et al. (1991) calculated coefficients of correlation and found out that high egg production was associated with low shell quality. They also state that high body weight of hens at 365 d was significantly associated with high eggshell weight. On the contrary, BRAH et al. (1992) found no significant antagonistic relationship with body weight, egg number and egg weight. JOHANSSON et al. (1996) studied the possibility of increase of eggshell strength by means of selection. They carried out divergent selection for attachment strength and they suggested the possibility of improving shell strength in laying hens by selecting for increased attachment strength. Ratio and strength of eggshell change during egg laying period, too. AIMONEN and UUSIRAUVA (1991) observed decreasing strength and ratio of eggshell with the age of hens.
Introduction
Interior egg quality and factors affecting it must be considered from various points of view, with regard to strength and elasticity of eggshell. Incidence of abnormal eggs, for example cracked eggs, may vary in different strains kept in identical production conditions. ABRAHAMSSON and TAUSON (1993) found out a difference in the incidence of cracked eggs between two strains of White Leghorn hens. SCOTT and SILVERSIDES (2000) compared egg quality of ISA -White and ISA -Brown. They observed a higher ratio of egg shell in ISA-Brown hens and they also consider pleiotropic effects of eggshell colour. On the contrary, PATTERSON et al. (2001) found no significant difference between the incidence of cracked eggs in white eggshell hybrids (5.7%) and brown eggshell hybrids (5.4%). BRAH et al. (1992) considered genetic determination of cracked eggs; the calculated coefficients of heritability of cracked eggs incidence in two White Leghorn strains were 0.59 and 0.36. Interior egg quality changes during egg laying period. HARTMANN et al. (2000) found out that the difference between selection lines in ratio of yolk; yolk weight and albumen weight persisted throughout the laying period. They also present estimated heritabilities for yolk ratio, yolk weight, egg weight and albumen weight -h 2 = 0.38, 0.22, 0.34 and 0.41 respectively. GRUNDER et al. (1991) calculated coefficients of correlation and found out that high egg production was associated with low shell quality. They also state that high body weight of hens at 365 d was significantly associated with high eggshell weight. On the contrary, BRAH et al. (1992) found no significant antagonistic relationship with body weight, egg number and egg weight. JOHANSSON et al. (1996) studied the possibility of increase of eggshell strength by means of selection. They carried out divergent selection for attachment strength and they suggested the possibility of improving shell strength in laying hens by selecting for increased attachment strength. Ratio and strength of eggshell change during egg laying period, too. AIMONEN and UUSIRAUVA (1991) observed decreasing strength and ratio of eggshell with the age of hens.
Material and Methods
The experimental group consisted of 231 hens of initial laying lines of brown egg laying hybrids Moravia. Out of the total number of 7 lines, there were three Rhode Island Red lines (RIR A, RIR B and RIR C), two Bar Plymouth Rock lines (BPR A and BPR B), one Rhode Island White line (RIW) and one Sussex Light line (SU). The hens were housed individually in the production house with cage technology. One egg of each hen was collected at the age of 28, 32, 36, 41 and 46 wk and shortening force at fracture of egg and strength of eggshell were determined. The measurements were taken within 48 hours after laying in laboratory conditions using the tensile testing machine TIRA test 27025, with a cross head velocity V 1 = 10.0 mm/min and a laboratory temperature t = 22 o C. In total, 1 155 eggs were examined during a fivemonth observation period. The index of shape was calculated for each egg (width of egg/length of egg x 100). Each egg was assigned a degree of brown colour intensity according to our own 12-grade scale. Then the eggs were broken and the ratios of eggshell, albumen and yolk to the total egg weight were determined. The egg production of hens was monitored in the control of production period from 125 to 250 d of age; the total number of laid eggs, the average weight of eggs laid during the period between 180 and 190 d and body weight of hens at 210 d of were calculated. Number of abnormal eggs (total defects) was also monitored during the control of production period: the total number of abnormal eggs, number of cracked eggs, number of double-yolked eggs and eggs without shell. The measured parameters (shortening force at fracture and strength of eggshell, egg quality and production parameters) were statistically analysed, the differences between the lines were tested by t-test. The correlations were defined by using the calculated phenotypical correlations.
Results
The mean values of shortening and strength of eggshell, egg quality parameters, the total number of eggs and the number of abnormal eggs laid during the control of production period, the mean egg weight at the age between 180 and 190 d and body weight at 210 d of age in hens of seven experimental lines are shown in Table 1 . The mean shortening force at fracture ranged from 0.17 mm (lines RIR A, RIR C and RIW) to 0.19 mm (line BPR A). The dynamics of shortening of eggs of hens at the age between 28 and 46 wk is shown in Figure 1 . While at the beginning of the period (28 to 32 wk of age) the mean values of shortening were about 0.20 mm, they decreased to values around 0.14 mm at 46 wk of age. Similar dynamics of the strength of eggshell is shown in Figure 2 . At the beginning (28 wk), the mean value of strength of eggshell was 35.38 N, at the end (46 wk of age) it decreased to 31.86 N. The highest mean strength of eggshell was found in RIR B line (36.46 N) and the lowest in RIR A line (29.05 N). The mean index of egg shape ranged from 74.38 (hens of RIW line) to 77.59 (hens of RIR B line); the dynamics of the index of shape of the eggs is shown in Figure 3 . The mean values of index decreased with age from 77.15 at 28 wk to 74.94 at 46 wk of age. Eggshell colour intensity varied considerably among lines. The most intensive eggshell colour (5.03) was found in RIR C and the lightest shell colour was found in hens of both BPR lines (10.45 -BPR A and 11.17 -BPR B). The differences were also found in the eggshell to total egg weight ratio among lines. While the lowest ratio was found in eggs of RIR A hens (8.6 %), the highest ratio was found in line RIR C (9.4 %). The dynamics of eggshell ratio during the observation period is shown in Figure 4 . The mean values of eggshell ratio decreased with age of hens. The highest mean values were found at 28 and 32 wk of age (9.4%) and the lowest at 46 wk of age (8.9%). The total number of eggs laid by 250 d of age significantly differed among lines, too. The lowest number of eggs was laid by BPR B hens (75.17 eggs) and the highest by RIW hens (97.27 eggs). Similarly, the mean egg weight determined at the age between 180 and 190 days differed among lines. The highest value was found in RIR C line (54.72 g), the lowest in SU line (50.39 g). The difference in number of abnormal eggs among lines was considerable. The highest ratio of abnormal eggs laid by the age of 250 d was found in hens of line BPR B (8.3 %) while the total number of laid eggs was lowest in this line. The lowest ratio of abnormal eggs was found in hens of RIR C line (2.1 %) and the ratio of cracks was also the lowest in this line (0.9%). The highest ratio of cracked eggs was found in BPR B line (3.9%). The highest ratio of double-yolked eggs was also found in BPR B hens (3.2 %), and the lowest one in hens of SU line (0.5 %). Similarly, SU hens had the lowest ratio of eggs without shell (0.4%). The highest ratio of eggs without shell was found in RIR B hens (1.5 %). The lowest body weight at the age of 210 d was found in BPR A hens (1.88 kg) and the highest in RIR A hens (2.36 kg). Table 2 presents the coefficients of correlation between shortening of egg (force at fracture) and egg quality parameters, total number of eggs and number of abnormal eggs laid during the control of production, mean weight of eggs laid between 180 and 190 d of age and body weight of hens of seven experimental lines at 210 d of age. The phenotypic coefficients of correlation between shortening of egg and index of egg shape were mainly positive, the coefficient of correlation in RIW line (r p = 0.41) was statistically significant (P<0.05) and in line BPR B (r p = 0.49) statistically highly significant (P<0.01). The coefficients of correlation between shortening of eggs and total number of eggs were negative, in line RIR B r p = -0.34 (P<0.05) and line SU r p = -0.40 (P<0.05). The coefficients of correlation between egg weight and shortening were in lines RIR C and BPR B r p = -0.34 and r p = 0.38 (P<0.05) and in line RIW statistically highly significant -r p = 0.46 (P<0.01). The correlation between shortening and percentage of cracks was mainly negative, in lines RIR C, RIW and SU (r p = -0.44 and r p = -0.46) statistically highly significant (P<0.01). The coefficients between shortening and total number of abnormal eggs were mainly negative, in line SU r p = -0. 39 (P<0.05) and in the line RIW r p = -0.53 (P<0.01).
The calculated coefficients of correlation between strength of eggshell and egg quality parameters, total number of eggs and abnormal eggs laid in control period, mean egg weight at the age between 180 and 190 d and body weight of hens in seven experimental lines at 210 d of age are shown in The coefficient of correlation between strength of eggshell and eggshell colour intensity was significant in the line RIW r p = -0.34 (P<0.05). The correlation between strength of eggshell and ratio of eggshell was positive; the coefficients were statistically highly significant (P<0.01) in lines RIR B, RIR C, BPR A and BPR B and ranged from r p = 0.44 to r p = 0.74. The coefficients of correlation between strength of eggshell and ratio of albumen were mainly negative, the coefficient in line RIR B was r p = -0.37 (P<0.05). The coefficients of correlation between strength of eggshell and number of eggs were mainly negative, in the line RIW r p = -0.34 (P<0.05) and in the line SU r p = -0.44 (P<0.01). The correlations between strength of eggshell and number of abnormal eggs were mainly negative, in lines RIR A, RIW and SU statistically highly significant r p = -0.45 to r p = -0.53 (P<0.01). Between strength of eggshell and proportion of cracked eggs were calculated coefficients of correlation negative, in line SU r p = -0. 40 (P<0.05) and in line RIR A r p = -0.52 (P<0.01). The correlations between strength of eggshell and double-yolked eggs were mainly negative, the coefficient was highly significant in the hens of RIW line r p = -0.43 (P<0.01). Mostly negative were the coefficients of correlation between strength of eggshell and eggs without shell, in lines BPR A and SU statistically significant r p = -0. 38 and r p = -0.35 (P<0.05). 
Discussion
The mean values of shortening force at fracture of egg found out during the five-month observation period ranged between 0.17 and 0.19 mm in the experimental initial lines and strength of eggshell ranged from 29.05 N to 36.46 N. At the same time, the mean values of shortening force at fracture of egg decreased with the age of hens from 0.18 -0.22 mm at 28 wk of age to 0.12 -0.15 mm at 46 wk of age. Similarly, strength of eggshell decreased from 31,35 -37.68 N at 28 wk of age to 27.91 -34.50 N at 46 wk of age. Index of shape, ratio of eggshell and albumen to the total egg weight also decreased with increasing age of hens. These findings are in agreement with results of AIMONEN and UUSIRAUVA, 1991 and HARTMANN et al. (2000) . A statistically significant difference (P<0.05) was found in eggshell colour intensity between the experimental lines. The ratio of abnormal eggs to total number of eggs varied considerably between lines; however the differences were not statistically significant due to the high variability within lines. The highest ratio of abnormal eggs was found in both BPR lines (BPR A -7.5 % and BPR B -8.3 %) and the lowest in RIR C line (2,1 %) and SU line (2.4 %). The inter-line differences were also found in ratio of cracked eggs, in agreement with ABRAHAMSSON and TAUSON (1993) . The lowest ratio of cracked eggs (0.9 %) was found in RIR C lines and the highest in both BPR lines (BPR A -3.7 % and BPR B -3.9 %). The ratio of eggs without shell was lowest in SU line (0.4 %) and RIR C line (0.5 %) and highest in RIR B line -1.5 %. Total number of eggs laid by 250 d of age ranged between 75.17 eggs (BPR B) and 97.27 eggs (RIW). Body weight at 210 d of age was lowest in hens of BPR A (1.88 kg) and highest in RIR A hens (2.36 kg). The calculated coefficients of correlation between shortening of egg and index of shape were mainly positive, with r p = 0.41 (P<0.05) and (P<0.01). The correlations between shortening of egg and total number of eggs were mainly negative, with r p = -0.34 and r p = -0.40 (P<0.05). This result was in agreement with GRUNDER et al. (1991) ; however, it did not correspond with results of BRAH et al. (1992) . The coefficients of correlation between shortening of egg and ratio of cracked eggs were mainly negative; the coefficients r p = -0.46 and r p = -0.44 were statistically highly significant (P<0.01). The correlations between shortening and total number of abnormal eggs were mainly negative -r p = -0.39 (P<0.05) and r p = -0.53 (P<0.01). The coefficients of correlation between strength of eggshell and shortening were positive -r p = 0.40 (P<0.05), and r p = 0.55 (P<0.01). The correlation between strength of eggshell and index of shape was positive (from r p = 0.37 (P<0.05) to r p = 0.59 (P<0.01)). The correlations between strength of eggshell and ratio of eggshell were also positive, r p = 0.44, to r p = 0.74 (P<0.01). The coefficients of correlation between strength of eggshell and number of eggs were mainly negative -r p = -0. 34 (P<0.05) and r p = -0.44 (P<0.01). These finding are in agreement with GRUNDER et al. (1991) but they disagree with results of BRAH et al. (1992) . The correlations between strength of eggshell and cracked eggs were -r p = -0.40 (P<0.05) and r p = -0.52 (P<0.01). Mainly negative coefficients of correlation were found between strength of eggshell and double-yolked eggs -r p = -0.43 (P<0.05). The correlations between strength of eggshell and eggs without shell were also mainly negative -r p = -0.35 and -0.38 (P<0.05). Similar the coefficients of correlation between strength of eggshell and total number of abnormal eggs were mainly negative -r p = -0.45 to r p = -0.53 (P<0.01). In conclusion, our results proved inter-line differences in shortening force at fracture of egg and strength of eggshell and these parameters decreased with age of hens. The correlations between shortening force at fracture of egg, strength of eggshell and number of laid eggs were negative. Similarly, the correlations between shortening force at fracture of egg, strength of eggshell and ratio of cracked eggs, eggs without shell and abnormal eggs to total number of eggs were negative, too. Thus, testing of shortening force at fracture and strength of eggshell can be used (in agreement with JOHANSSON et al., 1996) in selection for egg quality within laying lines on hens.
